With the progress and development of education, teaching by means of computer becomes more and more popular. In this article, a novel virtual simulation system teaching method is presented for numerically controlled engineering training as it helps students acquire the theoretical knowledge, practical skills, and the problem troubleshooting techniques on the usage of numerically controlled machines and programming. The architecture underlying theoretical basis for numerically controlled teaching system based on virtual machining technology is described. Furthermore, we have designed a study to explore the project's impact on students. The study is based on an experimental approach to evaluate the impact of virtual simulation system teaching on student results during the first year, and then the questionnaire surveys were performed to analyze students' perception of the impact that virtual simulation system teaching had on the students' learning efficacy and level of motivation during the development of numerically controlled machining course. The final results show that the proposed teaching system for numerically controlled machining in the paper has been proved effective and feasible in practical application.
Introduction
With the development of science and technology, numerically controlled (NC) machining technology has been used widely in the actual production, the market demand for NC technical personnel is more urgent, and training in NC machining is paid much attention. Therefore, in most departments of mechanical engineering in colleges and universities, the course on numerical control technology is set as a compulsory course, in which practice of NC machining and programming is one of the important parts. 1 However, NC teaching requires thorough theoretical depth and practicality, leading to the fact that NC machining courses are so boring and difficult for students to understand, more importantly, simply through the monolithic explanation in the classroom is unable to stimulate the students' interest in learning and is difficult to achieve the ideal teaching effect, so it is of great significance to select the suitable teaching method. 2 On the other hand, NC machine tools are too expensive to install enough sets for training, and it is possible that some students have no experience in hands-on NC machining. If they have a chance to experience hands-on teaching, they usually act as ''spectators,'' and machine tools may be simple and possibly out of date. Nowadays, more powerful and complicated machine tools are being put into service every year. Therefore, in view of the above existing problems, it is important how to enable the students to keep abreast with this advance and meet the challenge in the future. 3 Simulation technology holds tremendous promise for reducing costs, improving quality, and shortening the time to market for manufacturing. 4 Virtual manufacturing (VM) is an emerging simulation technology that study can be carried out on models instead of physical device or system. 5 During designing new processing scheme or changing the original scheme, you can finish NC machining of parts in the virtual environment prior to the real manufacturing, in order to make evaluation and optimization for the processing schemes. 6 Therefore, NC machining simulation technology has become one of the key technologies in CAD/CAM field due to the fact that the simulation effect has a strong sense of reality and a good real-time performance. 7 In recent years, with the development of computer technology and virtual simulation technology, many articles of the virtual simulation software suitable for NC machining teaching come forth continuously. They can better solve the teaching problems mentioned above, by changing the boring NC teaching into dynamic simulation and animation on a computer screen, and greatly improve the teaching effect of NC machining courses. 8 However, for the current realization of NC machining simulation system, very few independent machine simulation software has machine simulation function by itself, and its function of modeling is very limited, especially for the assembly model of machine tool and fixture of complex structure, which is usually forced to implement the simplification. 9 Thus will lose a lot of useful information and cannot reflect the actual working environment. However, for the commercial CAD/CAM software, a large number of references mainly introduce how the software was combined with other existing modeling software or with the help of VCþþ and OPENGL technology to build the NC machining simulation system. The disadvantage of this method lies in the lack of corresponding technical foundation and needs to write a lot of codes of machine tool during machining simulation, which has been difficult to meet the needs of modern NC teaching. 10 In this paper, we put forward a novel virtual simulation system for NC machining by means of the rapid development of virtual reality technology in the field of NC machining simulation and the latest achievements. It is based on the comprehensive integrated simulation and verification module of UG NX software. That is to say, through investigating the technical features of virtual machining simulation system and taking the existing NC machine tool in the experiment center as the research object, a prototype of virtual NC turning system was developed to set up machining conditions, operate the virtual turning machine, and evaluate the machining process. Based on the relevant technologies to virtual machining through the powerful functional module of UG NX software, the teaching system has been developed for NC machining. We will describe the research achievements in the virtual simulation teaching system for NC machining in School of Mechanical Engineering in the authors university in the following sections. It has been used successfully for a third year through the module on Numerical Control Technology, Computer Aided Manufacturing (CAM) in Zhejiang Normal University as well as in the training in an engineering training center.
Architecture of the virtual simulation teaching system for NC machining UG ISV, as a UG software module, can freely customize NC machining simulation system, and use the extended function of UG postprocessor to generate a virtual UG controller, which can invoke tool path generated by CAM system to drive NC machine tool model to complete the motion simulation.
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In NC teaching process, we developed a virtual simulation teaching system to engage in systematic instructional design based on the virtual machining simulation system. Therefore, it is necessary to construct the virtual machining simulation system based on the whole machining technical system model by means of the comprehensive integrated simulation and verification module of UG NX software. The virtual machining simulation system is a mapping of the real machining system, including the machine, cutter, fixture, workpiece, and so on in the virtual environment. It can be maintained according to the changes of manufacturing resources and activities.
Virtual machining simulation system is mainly composed of the standard parts such as library, virtual machine tool library, processing system environment, tool path generator, simulation and verification components, and so on, 12 as shown in Figure 1 . Figure 1 . The architecture of the virtual machining simulation system based on NX IS&V.
In order to quickly call the desired machine tool in machining simulation as soon as possible, we would better preestablish the commonly used machine simulation models and store them in the virtual machine tool library together, and then based on these models, using UG/CAM tool path generation function to generate the cutter location file, to complete the comprehensive simulation of machining tool path and interference verification check in the integrated simulation and verification module.
Establishment of the virtual simulation teaching system for NC machining
As mentioned above, the proposed virtual simulation teaching system for NC machining is developed on the basis of the current general tool path simulation system. 13 In order to clearly distinguish tool path simulation system, and highlight the advantages of the proposed teaching system, there are several key issues that must be discussed comprehensively, especially in the integral parts of NC machine tool. They will be discussed in the following sections.
The digitalized model of a real machine tool-virtual NC machine tool-is an important model in virtual machining simulation system. It is composed of geometric assembly model, kinematic model, a virtual controller, and a virtual operator panel.
Geometric assembly model of NC machine tool
The geometric assembly model of NC machine tool, as the mapping of actual machine entity in a computer environment, is the prerequisite to realize the virtual simulation of NC machine tool.
Based on the real machine tool, the geometric assembly model of NC machine tool can be built in CAD systems. Taken a NC turning center QTN200M, for example, first, according to architectural features and movement characteristics of NC machine tool, we should precisely divide out the lathe, spindle module, X-axis feed module, Z-axis feed module, the turret, and all components contained in the whole NC machine tool, and all main components are abstracted and modeled by their real structure and dimensions, and then, these component models of NC machine tool are sorted out based on the kinematic chains of ''work-framework'' and ''tools-framework,'' as shown in Figure 2 . Second, according to the motion transmission relationship among the kinematics' chain, the layers and positions of all components in the model tree are determined by the principle that the previous level of kinematic chains as subassembly of next level in the model tree. Third, on the basis of the bottom-up assembly principle, and established each subassembly well, we start to finish the upper assembly from the bottom and the correlative parts. Finally, the digital general assembly model of the whole NC machine tool, as shown in Figure 3 , will be established through a layer-by-layer assembly, and the right relative positions among the component models are kept as they are assembled in the CAD system. In virtual simulation teaching system, the movement of the virtual NC machine tool driven by a NC program can be simulated just by transforming these models.
Kinematic model of NC machine tool
The kinematic model-which used to deal with the movement of NC machine tool-is established on the geometric assembly model of NC machine tool, that is, how to transform the positions of components driven by NC instructions. Only after the kinematic model of NC machine tool is defined, the motion modes of all components of NC machine tool can be determined. In modeling the kinematic model of NC machine tool, each component is supposed as a rigid body and a local coordinate system which is attached on it. As a result, the machine tool is abstracted as a kinematic chain of rigid bodies.
As previously, taken the NC turning center QTN200M for example, the kinematic model of NC machine tool is represented as a tree structure, as shown in Figure 4 , so that it can be easily expressed by a specific application. We can see that the tree structure defines the mutual movement relationship between the moving parts of the assembly model of NC machine tool; specifies the direction of movement, travel route, and range of motion for all the axes of machine tool; and sets machine zero point, workpiece mounting point, tool mounting point, and other related parameters.
Establishment of virtual controller
Just like NC machine tool needs NC system to control and realize the movement of each axis of the machine tool, the virtual NC machine tool also needs the virtual controller to control the movement of each axis of the simulation system to realize the machining simulation. The establishment of the virtual controller is synchronous with the process of creating the postprocessing file. The machine tool driver file, automatically generated with UG postbuilder, can convert the pretreated tool path into corresponding control command, and call the corresponding simulation and verification commands to control the virtual machine assembly components for the corresponding Boolean operation to realize varieties of motion of the virtual machine, so as to finish NC machining process in the virtual environment and achieve the purpose of simulation.
Simulation control panel
As a part of the virtual NC machine tool, the simulation control panel is the graphic user interface via which the user can interact with the geometric model of NC machine tool and virtual machining process. In the machining simulation process of the whole NC machine tool, the customizable simulation control panel can provide the real-time interpretation of NC code and generate the machine instructions, display an operation panel similar with the real NC machine tool, which is convenient to set the tool parameters and functional parameters. Via it, all operations of NC machine tool, including tool setting, NC program operations, machining process controlling, etc. can be simulated as shown in Figure 5 . The students can simulate tool path and material removal process in all directions and find out the potential problems in processing by scaling, translation, and rotation operations. Furthermore, through setting the function of dialog box of interference and collision, the warning will be given to help the students timely correct the errors in the process of machining parts. At the same time, the students can also configure other simulation options to control the activities of the whole virtual machining system, such as earth display or part display, stop on collision, in-process workpiece, interpolation, display axes coordinates, chordal tolerance, history buffer size, etc. Therefore, the simulation control panel makes the virtual machining process more feasible and also plays a major role on reducing and replacing test cut.
Virtual NC machine tool
There are many types of NC machine tools in the virtual NC machine library of UG NX software, as shown in Figure 6 , catering for students' teaching/training in NC machine tool and NC programming, including two-axis lathe, three-axis-mill horizontal, three-axis-mill vertical, four-axis-mill horizontal B-table, five-axis-mill vertical A-table, five-axis-mill vertical AC-table, five-axis-mill vertical B-head C-table, and so on. These tools are of the common features as follows: (1) with the same geometric and kinematic structure, (2) with much interaction in setting and controlling the virtual NC machine tools and virtual machining process, (3) simulate the machining process, and (4) NC programs can be simulated and verified. Considering that the real NC machine tools are so precise that any improper operation may cause damage. Prior to step-by-step teaching methods using real machine, the virtual NC machine tools can better help to learn how to operate the corresponding machine tools and to generate part programs. Especially for multiaxis NC machining centers, they can machine most of surfaces in several planes at one setup and widely used to form complicated parts. As a result of their complex movements of multiaxis machining centers during machining process, it is too difficult for students/trainees to comprehend their structure and their movements driven by NC program, besides, machining centers are too expensive to be installed for the purpose of teaching/training. Therefore, different types of virtual machining centers are just developed for the students/trainees who need to learn basic knowledge on multiaxis machine tools and NC machining.
Although the Integrated Simulation and Verification module of UG NX software has its own machine tool library, which has already included many default NC machine tool models (lathe, milling, machining center, and so on), however, in order to let trainees master the basic knowledge in the field of NC machining, the students/trainees will be expected to complete several tasks in the experiment and training sessions of Numerical Control Technology course. One of the main tasks is not just let the students call machine tool model from the machine tool library, but require them to establish the simulation model on their own which is suitable for the specified NC machine tool in reality. The activities for the tasks include the control of the machine, the selection of cutting conditions, part programming, tool setting, the inspection of the surface quality of the workpiece, and troubleshooting of the machining problems.
Engineering training of virtual simulation teaching system for NC machining Training in geometric modeling assembly of NC machine tool This part focuses on cultivating students' practical ability of surveying and mapping, 3D solid modeling, and assembly skills. In this paper, NC turning center of the experiment center, used in the engineering training project by the students, is taken as an example for modeling as shown in Figure 7 . Before establishing the geometric assembly model of NC turning center from the experiment center, students need to measure the actual size of components of NC machine tool, in order to achieve the purpose of virtual reality; in the second place, according to the actual size of NC machine tool, the parametric solid model of NC turning center will be established using the modeling function of UG NX software; finally, the geometric assembly model of NC turning center will be established with the aid of the assembly function of UG NX software, as shown in Figure 3 .
Training in kinematic model of NC machine tool
Through the establishment of the kinematic model of NC machine tool, students can intuitively grasp NC machining process, judge the continuity and rationality of tool path, and determine whether there is tool interference, the idle motion and tool collision, so as to enhance the students' understanding of the machining process and the mastery of the tool path.
Training in virtual controller
The virtual controller of NC machine tool, as a key part of NC machining simulation system, is a difficult issue in the teaching process. When we use the traditional description methods to explain the teaching knowledge to students separately, due to the teaching content involves a wide range of knowledge, strong logicality, and correlation, it is difficult for students to master the teaching content. However, if the NC machining simulation system is regarded as the students' innovation engineering training project, when students complete most of the work of NC machining simulation system, they will build their own NC machining simulation system completely to show their strong sense of responsibility and mission.
More importantly, due to the innovation of system, students will feel that the previous knowledge is no longer isolated and boring, but can connect with each other smoothly, so they can have a thorough understanding of the previous knowledge in the NC technology curriculum, which will consolidate the students' knowledge, strengthen the teaching effect. Summarily, it is very necessary for students to finish a typical part of NC programming and machining independently, which can stimulate their self-confidence, tap the inherent potential, and cultivate their assiduous and innovative spirit.
Training in NC machining
After virtual machining system is modeled, trainees can interact with it and training in NC machining. In the virtual machining process, the virtual workpiece (an abstract model of a part from raw stock to finished part) taking the form of raw stock before the machining is started. The behavior of VMT and the material removal process is simulated visually by animation. Under ideal conditions of processing, the geometric model of virtual workpiece is revised and updated and the potential collisions and interferences between cutter, workpiece, fixture, or components of machine tool are checked.
Consequently, through the machining simulation process of the whole NC machine tool, students can intuitively grasp NC machining process, judge the continuity and rationality of tool path, find out whether there is the cutter interference, idle cutting, tool collision, etc. which will enhance the students' understanding of the machining process and the tool path.
Training in NC programming
As mentioned above, the virtual NC machine tool can be driven by NC programs, so NC programs must be generated and then fed into the virtual simulation teaching system for NC machining to execute. The movement and state of a machine tool, tool locus, and material removal process reflect the results of NC programs.
The flowchart of NC programming is shown in Figure 8 . Before generating NC program of parts, the final part model after processing must be first established, and then enter UG CAM module to create or set processing geometry, cutter, processing methods (roughing, semifinishing, finishing) and processing procedures, and finally generate the tool path. In this process, we also set NC machining type (such as face milling, pocket milling, or multiaxis machining) and some workpiece machining parameters. Through reading the cutter location data file, we can check whether the tool position calculations are correct, whether there have been the fault of overcutting in NC manufacturing, whether the selected cutter, advance, and retract mode is reasonable, whether the tool path is correct, whether the interference and the collision occur between the cutter and constraining facets. Finally, after the generation and confirmation of tool path, NC program can be generated through postprocessing and identified by NC machine tool. 
Discussion and evaluation
Modern education emphasizes the initiative, cognition, subjectivity, and observation ability of the learner. It is not only to transfer knowledge and skills to the students, but also to cultivate the students' innovation ability, analytical ability, and problem solving ability. The teacher's task is to fully mobilize the enthusiasm of the students and create a favorable condition for the growth of students, implement the effective teaching strategies and apply the effective teaching methods, to cultivate students' creative thinking, tap students' potential and promote students' intellectual development; it can be said that the application of simulation technology is a kind of effective method. 14 Through the application of simulation technology in teaching, the students are gradually changed from passively accepting of knowledge to have the opportunity to participate in teaching; be involved in machining operation; and actively be engaged in the discovery, understanding, and mastery of knowledge. Therefore, the simulation technology for NC teaching, through the use of suitable modular construction, can provide an open, flexible, and novel virtual learning environment for students, so that the students can not only acquire the knowledge, but also take the initiative to explore and master the methods of constructing the knowledge, propitious to cultivate the students' innovation ability. 15 NC machining simulation is the mapping of NC machine tool in the virtual environment, integrates manufacturing technology, the numerical controlling theory of machine tool, CAD, CAM, the technology of modeling and simulation, by which people can produce intuitive perception of the virtual environment of the three-dimensional simulation model. 16 
Theoretical
The proposed virtual simulation teaching system provides a significant cognitive advancement compared to that of a traditional teaching environment; let the students further try to establish the simulation system of NC machining on their own, instead of the previous teaching objective of acquiring the simple application of NC machining simulation system, and then complete simulation and verification of the whole machining process for the typical part in NC machining simulation system, thus the teaching content, which may have to go through multiple intermittent training program to finally be completed in the past, is combined into a comprehensive innovation training project through the design process of NC machining simulation system, in which the students' innovation consciousness and innovation ability will be cultivated through the observation, judgment, design, and modeling of NC machining simulation system, so as to stimulate students' learning interest; enhance the learning initiative; improve students' understanding and mastery of NC technology; enable the students to have the preliminary ability of product design, manufacturing, and management.
Experiment
In the article, we have designed a study by the way of questionnaire survey to evaluate the impact of virtual simulation system teaching (VSST) for the development of NC machining course taught at mechanical engineering bachelor degree.
The results of the questionnaire survey were criticized by international engineering education accreditation-an authority for international criterion. International engineering accreditation was implemented by the Accreditation Board of Engineering and Technology (ABET), and it is implemented by a third party whose interest was related such as institutions of higher learning, the industrial enterprise, the human resources department, and so on. America has a history of more than 80 years in carrying out engineering education certification and assessment. In 1997, ABET adopted Engineering Criteria 2000 (EC2000). The EC2000 criteria shifted the focus away from the inputs (what material is taught) and to the outputs (what students learned). EC2000 stresses continuous improvement and accounts for specific missions and goals of the individual institutions and programs. The intention of this approach was to enable innovation in engineering programs rather than forcing all programs to conform to a standard, as well as to encourage new assessment processes and program improvements. At present, the international standard definition of the evaluation and certification is gradually shifted from ''Program outcome'' to ''Student learning outcome.'' EC2000 is specifically divided into three standard levels, which are the general standards of basic level, general, and professional standards of higher level. Each level of certification standards is set with the two level indicators and each indicator has its own specific connotation. General standards of basic level are not only the basic requirements that national college of engineering professional should achieve, but also the core components of EC2000, which divided into eight elements (first level indicators). The sections involve students, professional educational goal, professional production and evaluation, professional teaching content, faculty, facilities, schools of professional support and financial resources and professional standards, each have specific requirements for more detailed and clear, which make it has a strong practical operational. The index of professional production and evaluation ask all participating university engineering graduates must have 11 kinds of ability that involve mathematics, natural science, and engineering application. In order to test the influence of VSST in NC machining course, we have chosen 10 abilities of ''professional output and evaluation,'' which are related to the training of NC machining course, and then, we combine the specific content with the curriculum closely, identified 10 assessment indicators (Table 1) .
In order to further analyze the basic requirements of the professional graduates who use the virtual simulation system for NC machining whether to meet the needs of students and social development. We designed the questionnaire based on the contents related to the indicators; meanwhile, we evaluate whether the graduates reach the degree of graduation requirements in this way. In order to ensure the objectivity of the evaluation, the questionnaire was divided into three groups: the group of graduates, the group of teachers, and the employing unit and the alumni group. The results of the questionnaire were summarized by the Likert-scale fivepoint measure. The Likert scale is made up primarily of 10 indicates, five-point measure represent ''highest,'' ''high,'' ''medium,'' ''low,'' and ''lowest,'' each point indicates whether or not that the people who filled in the questionnaire find the indicators acceptable, every point was scored based on mark of 2-10. Statistically, the highest score of the questionnaire is 100 points and the lowest is 23. We sent out questionnaires to employers and the old schoolfellow and 69 effective recalled, the results are shown in Figure 9 , the results showed that the average score was Figure 9 . Questionnaire results. 79.4 and the standard deviation was 6.37. Its credibility and efficiency are extremely high. Other specific data were shown in Table 2 . In addition, we sent out questionnaires to students and teachers, 121 and 52 valid questionnaires were recovered, and the statistical results were similar to those of the employers and the alumni. The survey results of the unit and alumni, graduates and teachers are compared as shown in Figure 10 .
Conclusion
As CAD/CAM has been widely used in many industries, individuals who are familiar with NC machining are greatly needed and are given many opportunities. In order to meet this need, a novel virtual simulation teaching system for NC machining is developed based on the integrated simulation and verification module of UG NX software. A number of benefits are offered by the teaching systems as below:
1. As training session is carried out on computers, various types of sophisticated and expensive machinery may be represented in a virtual environment and the investment in training can be reduced remarkably. All operations, procedures, and instructions can be practiced in a complete safety and with high realism. 2. Provide a unique, attractive exploration of experience not possible with a real machine, which helps better retain trainee's attention than conventional approaches. The students begin to change from the original application of NC machining simulation system to try to establish their own NC machining simulation system. Many complex knowledge points involved in NC machining are organically combined and then presented to the students in a quick and easyto-understand manner, making for the students to have a deeper mastery of NC teaching knowledge. 3. The students will involve a wide range of knowledge throughout the instructional design process, including the structural composition of NC machine tool, 3D modeling, virtual assembly, kinematic model, NC programming, postprocessing, and other advanced manufacturing technology, which will be beneficial for the students to improve the comprehensive innovate ability. Noted that in the past, we must combine multiple training programs in previous engineering training to achieve this goal. 4. The students are able to apply their own NC machining simulation system to perform the virtual simulation of the entire machining process of typical parts, further to verify the reasonableness of NC machining process, especially the possible interference and collision among the machine, tool, workpiece and fixture, as well as the faults of overcutting or undercut, etc. Coupled with the vivid images, high-quality, practicable simulation system, it can be said that all these will further stimulate students' interest in learning and enhance students' initiative in learning, so that NC teaching patterns become more flexible, more convenient, and easier to teach and to learn, which will play a positive role in significantly improving the effectiveness of NC teaching. 5. Through the questionnaire survey based on the international engineering education accreditation. We found that the VSST method will further stimulate students' interest in learning, so that NC teaching patterns become more flexible, more convenient, and easier to teach and to learn, which will play a positive role in significantly improving the effectiveness of NC teaching. On the other hand, virtual simulation system can further strengthen students' intelligence, ability, and quality, this will enable students' quality to better adapt with the international requirements.
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